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© Adheson variants, nucleic acid encoding them and compositions comprising 

© Novel derivatives of cell surface proteins which are rx^logous to the immunc^tobulin superfamily 
Mesons) are prov.ded. Ammo acid sequence variations are introduced into adheson. ™™*™^* 
which are those in which the transmembrane and. preferably, cytoplasmic domains are rendered functional y 
inactive, and in wh.ch adheson extracellular domains replace an immunoglobulin variable region. These variants 
are useful m therapy or diagnostics, in particular. CD4 variants are therapeutically useful in the treatment of HIV 
infections 
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VARIANTS, NUCLEIC ACID ENCODING THEM AND COMPO«TK)H8 COMM««HO THEM 



This apptication relates to composition, for antiviral or '^^^^Zc^ 
, elat8S to c^pos-tions useful in mo treatment of Human ^^S^tetion and 

The primary .mmunotogic sbnormal.ty resulting from .nfection by HIV ^^^J*"^ 

the observation that monoclonal * r «?~ *JJJ j^cOouoal et at.. J. Immunol. 135 3151 

CM and gpisHhe major enve.ope g.ycoprotein of H.V-. (J- McDouga. et al.. «^21^ 
mTfindino that HIV-I trop.sm can be conferred upon ordinarily non-perm.ss.ve human cells Wtowmg the 
SbTeZosL o, a CM CONA (P. Maddon et .... Call 47:333 [198BIV • «^ 

Properties of HIV-I. reflected by a h,gh incidence of centra, nervous system « 
fr^duatt (W Sn.der et ai.. Ann. Neurol. 14:403 (19831). and the ab.l.ty to detect HIV- \ m the 

and monocyte macrophage ong«n (P. Maddon. Cell 47 444 i. runw m * . „ * — 

[1986V B. Toumetlie et al.. Science 234:610 [1986]). .^.-^ ,n 

1 in addition to detTrm,n,ng the sus5 eptib.li.y to H.V-1 .nfection. me ^'^^^^^^ 
the .nfected host eel appears to involve CM. Antibody to C04 was found to mhrtM the fus.on of w**™ 
C04Tcet^rH.vTn t ec,ed cei.s in vrfro; moreover, me g..n« mu*nuc^ted ce^ P^uc^by t^ S 
event die shortly after being formed resulting* the depletion of the population of CM cells i^"*>£ ^ 
«, ice 232? 2 n98?D Formation of syncytia also roqu.res gpi20 expression, and can be ehc.ted by 
Su.u.nflolpos.'vecen line, w,m cel. lines expressing me H.V-. env gene « me ^ 
stitctura. or regulatory pro,e.n, (J. Sodrosk. e. jL Nature 322:470 [1956); J. U» « *. MJ-- '^725 
,986], Thus, in mediating bom me .nitial .nfection by HIV-I as well as eventual eel Idea* m M 
between gpi20 anb CM constitutes one of several cntica. entry pomts -n me v„al Me cycle amenable to 
,3 thsrapeutic intervem.on |H. Mitsuya et a!.. Mature 325:773 (1987]) Mlrac eiiular 
The known seouence ol me €&* precursor pred.cts a hydropnob.c s.gnai pept.de. an extracellular 
J^fZZJEEfm am.no aods. a high.y hydrophobic stretch w.th s^nrlican, .denmy to the 
mSr^e-Tpanning doma.n o. the class 11 MHC beta chain, and a h.ghly charged .ntracHu ar ^"ceo 
^•sd^sTf^oen. Cel. 42:93 (19851) The extracellular domam of CM consists 
50 ^ions each hav,ng am.no aSd and structura. s.m..ar,ty to me viable and ,o.n.ng (Vvfl domains ; <rf 
mmu. og'obutin light cna.ns as wen as related regions in other members of U* 
sToenSiiy (a sulcus of which are defined herein by the coined term -adhesons ^ 
JL regions of CM are termed the V-J- . V, J,. V,J, and V.J. domams (denom.nated -4 «Rg . ^ 

A successful strategy .n me development of drugs for me treatment of many receptw mediated 
abnor-Ss has beenZ .dem.f,cabon of antagonists which Woe* bmding of the natural ..gand. S.nce the 
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C04 adheson ordin*ily binds to the Wtion sites of the HIV Jj •Jjgj 

^m«aoeuticallv sequestering Mm HIV sites: thereby bk>ck>ng v.ral mfectivrty. Howsw. MHengm C04 
^T^^rT^mtx^ protein, which are anchored in the lip* biUyer of 
££Z oTZLne component, will be und.*** from the of punfice- 

, KTiddition. since adheeon. are normsfty present only on c*. «Jm * wou« L^'JJJ! 
oroouce adheson. in . form which is more stable in the drcut^. Ado^ly. even t~r«^. sokAte 
S^h^oeneraliy referred to as C04T) may not be optimaity effective as a therapeutic s-nce rt 
^sSTre^sUto^ca. MHM binds to H,V no bettor man e*. m CO*, may notcross 

oTSS and re«ed condition,. "•^7^^^^ £ 
•xmme deoree of oenetic variation obser-ed among venous Htv-t routes and their respective env 
ZZ^ Z^™ «1 (19661). « i« ™~ MM . P*P™ ^TZlS £JX 
« «Z«««tin«s in order to provide molecules with novel functionalities such as those descnbed above for 
St^Tuse ^noSVeegent, tor the «. vitro a«*y of adheaon, or their m parteui*. .« ■» 

«, ^eTm^leVtor directing toxin, or effector mefccu.es (for examp* the ft domain of 
T^Z^ocJ^X receptors * the adnesons. e.g. HIV ' - »«■ 

rnSating punfication ol the a6W»- « « <**»«• » ^ pun ^ 

" ^pXttLon proves nude* acid encoding en amino acid s«,uence variant an adh^n. -n 
pari a^anan. ,« whin me trans-membrene doman i, modified so mat .. * nojonger cap*,»of 
doming lodged in the cell membrane, i.e. inactivated, for example, by delet.cn of substitution, in the case 

!S °' ^^saVZuce^by a memod compnsing «., forming a host cel. with nuc*c aod 

enco^l P.! InTric: sequence variant of an adtmon. (b, cu.turing the host cel. and (c) recovering me 

variant adheson from the host cell culture media. 

" another embodiment me invention provides an adheson vanant selected from me 5*P ^ 0 

„) an adheson am.no ac-d sequence vanant having an inactivated transmembrane do main and (b) a 
x polypeptide compns.ng an adheson exuacellular domain fused to the sequence of a poiywudewhjch s 

dTflSfl. from mT adheson mis latter selects from a cytotoxm. an .mmunogen or an unmunogtobuhn 

T,' ££d embodiment a polypeptide comprising a gpi20 binding domain of me CM adheson * 
(used at its C-terminus to an .mmunogiobulin constant domain, or is linked to a cytotoxic polypeptide such 

M 4S ' The C04 adheson variant, provided herein are purified and formulated m pharmacolog.cally acceptable 
vehicles for administration to patients in need of antiviral or immunomodulatory therapy. * part.cu.ar 
patients infecte^vith HIV. 
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Brief Descnption of the Qrawings 

Figs la-ic depict the amino ac.d and nucleotide sequence of a secreted form of the CD4 adheson 
45 (C04T). Other forms of C04T terminate at Ser 386 or Pro 368. The signal processing site -s designated with 

^ afr0 Rgs. 2a-2c depict the amino acid and nucleotide sequence of a fusion of the herpes gO leader and 
N-term.nal 27 residues to the putative mature N-terminus Of C04T. 

Fig. 3 depicts the structural elements of the native and so.ubie C04 antigen, the native .nv 
50 munogiobulin G heavy (>) chain and two exemplary heavy chatn-C04 ch.meras. 

F ig s. 4a^b are a map of the tinkered immunoglobulin y chain fragment employed m the preparation 
of C04 fusions, insert sites are designated >i and Fc. 

Fig. 5 is a map of a human light chain fragment useful for C04 fusions at the arrow flanked by V k J, - 
(light variable and ioining) and C* (light constant). 
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Detailed Description 
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i^kg|M|t M cen surface polypeptides having an extracellular domain which u homologous to a 
JHiliS g^pertamily. excluding, however, highly polymorph* member, of this 
^rftX W^SnTthe group o. class I and class II major h,«ocompatt>lity antigens, im- 
«uCSrT^Jr«W * ««d * chains. Examples of adhesons .nCude CO* C04.CDJ 
< CD^me," and , chains of C03. OX-2. Thy! . we intercellular or neural cell adheson molecules fl-CAM 
5 ^^. r^cy^mic protein (NCP-3,. pply* receptor. myekn-es**** glycoprotein (MAG, h^h 
r«i^\c7ecep,rme major glycoprotein o. p*«ph*- myeNn <Po>. , f^^^J^ 
receptor cotony gating factor-t receptor, macrophage Fc receptcx. Fc gamma mceptors an car 
^mrwonic antioen Homologous as defined herein means having the sequence of a member of the 
,o rTuSSu n^su^S^ having a sequence therewith wtiich has sub.tantia.ly me same as (or 

»c.d sequence homology to a known member of me supertam.ly as the specfip 
examples ^apov have to the sequence of an immunogtobulin vanable or constant domam Preferred 
*dh«sons are CD4. COB and high affinity IgE receptor. 

Z .ration is part.cu.arT concerned wim amino acid sequence vanants of '^J^T* 
, 5 sequence vanants of adhesons are prepared wim various objectives « mind, -nc.ud.ng <™^°^ 
Tthe adheson for ..s binding partner. Militating the stability, purification and PW°"* 
,ncreas.ng plasma hart life, improving therapeutic efficacy as descnbed above ,n the backgmund. 
£S functionalities and lessen.ng the verity or occurrence of skJ. 

tneXS use of the adheson Amino acid sequence variants of adheson, ««H into one or a comb.nauon of 

so me following classes: insertonai. substitutional or deletional vanants rMirti- , 

.nsertiona! am.no acid sequence vanants are those in wn.cn one or more am.no 
extraneous to the adheson are introduced .mo a predeterm.ned site .n the edheson .nciud.ng the C or N 
iZTSc! v*.an,s are referred to as fusion, of me adheson and a di«^« polyp^de 
Such other poiypept.des contain sequences other man mose wh.cn are normally found .n the adheson at 
K ^JSZTpSZ. Severe, groups of fusions are contemplated herein. immunoK^lyactiv* adheson 
lus.ons compr.se an adhesen and a polypeptide contaming a non-adheson ep.tope. The <^<?**™ 
ep.,ope .S anT .mmunotog.ca.ly competent polypeptide. ..e.. any polypeptide wn.ch ,s capable of e..c.t,ng an 
.rnmune response .n the animal to which the fusion is to be adm.n.stered or wh«h ,s capable of be.ng 
bound bv an antibody raised against the non-adheson polypeptide. Typ.ca. non-adheson ep-topes w... be 
x mose wn.cn are borne by allergens, autoimmune ep-topes. or other potent .mmunogen, or aniens 
recogmzed by pre-existing anybodies in me tuston rec.pient. including bacterial poiypepttdes such as trpLE. 
betaViactoJdase. pplypeptides such as herpes gO protein. and the ^"""^J*™" 
prodded by cross-.ink.ng in v.tro or by recombinant cell culture transformed wth ONA encod.ng an 
,mmunogen,c polypeptide. It-s"p7?ferable mat the immunogen.c fus-on be one in wh,ch me iMMMjim 
„ sequence .s ,c,ned to or .nserted .nto me adheson antigen or fragment thereof by a pept.de bond(sr These 
products merefore cons.st of a hnear polypept.de cha.n conta-n.ng adheson ep.topes and at least one 
ep-tope fore.gn to the adheson. it will be understood that it is with.n the scope of th.s mvention to -ntroduce 
,ne ep.topes anywhere w.th.n the adheson molecule or fragment thereof. Such fus.ons are conven.er.tiy 
made -n recomb.nant host cells or by the use of afunctional cross-.ink.ng agents. The use of a crossing 
40 agent to fuse the adheson to the .mmunogen.c polypeptide .s not as des.rabie as a i.near tus.on because 
the cross-linked products are not as easily synthesiaed in structurally homogeneous form 

These .mmunogemc insertions are particularly useful when formulated into a pharmacologcally accept- 
able earner and administered to a subject .n order to ra.se antibodies agamst me adheson. wn,ch ant.bod.es 
.n turn are useful in diagnostics or .n puriticaticn pf adhesen by .mmunoaffin.ty techmques known per se. 
45 Alternate, .n the punfication of adhesons. bmding partners for the fused non-adheson polypeptide^ eo 
antibodies, receptors or ligands. are used to adsorP me fus.on from impure adm.xtures. after wh.ch the 
tus.on .s eiuted and. if des.red. the adheson .s recovered from me fus.on. e.g. by enzymat.c cleavage 

Other fus.ons. wh.ch may or may not also be immunotogtoally active, .nciude fus.ons of the aohes.on 
sequence w.tn a signal sequence heterologous to the adheson. fus.ons of transmembrane-mod.f.ed CD4 
so adhesons. for example, to polypeptides hav.ng enhanced plasma naif life (ordinar.iy >about 20 hours) such 
as .mmunogiobulin chains or fragments thereof, and fus.ons w.th cytotox.c funct.onalit.es. S.gnal sequence 
fusions are employed in order to more expeditiously direct the secretin of the adheson The heterologous 
Si gna. replaces the native adheson signal, and when the resulting ius.on .s recogmzed. .e. processed and 
cleaved by the host ceil, the adheson is secreted. Signals are selected based on me intended host cell, and 
ss may include bacteria, yeast, mammalian and viral sequences. The herpes gD giycoprotem s.gnai -s su.tabie 
lor use m mammalian expression systems 

Plasma proteins wh.ch have enhanced plasma halt-life longer man that of transmembrane modified CO* 
.nciude serum album.n. immunoglobulins, apoproteins, and transfernn. Preferably, the adheson-plasma 
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p„>*n furfonla not s*nHK*tfy immune W the animal in «M ^u«< *• *» 
noicause undesirable s*Je effects in patina by v,rtuo of rts normal Ootog>ca) ectv.ty 

^liSnSSSi me adheson consent andor «riaM* reg*H*e dom*n is con.ugated «rfh«. 

K^^^m^r«otobukni and certam variants thereof are known and many have been prepare© m 

298 286 (1982) EP 120.894; EP 125.023: Morrison. J. Immun. 123:793 (1979). KBhler et *. P NAS U5» 
^fo, *m L« m >i Cancer Res 41 2073 (1981): Morrison et el.. Ann. Rev. Immunol. 2439 (1984). 
«5£n ( TiSSSt w£ uZSkmrnt P.NAS. USA 81*351 (1984): 6P 2S5.694fEP 286.863: 
S^ReT^m^^ chains a*o a»W See for examp* U.S. patent 

4 ^ r^^r/ZS £ rSSo^nmunog^n, and exvaceHular In their 

ZofM vanaote regtoHsHike thereof, retaining «t least functionally LfSJSLfS 
domLns of the constarw region of an immunoglobulin heavy chain. This ordinarily is accomplished by 
dom *"V°L Jt»U seouence and expressing it in recombinant cell cutture. Immunoglobulins 

^X^TpXT",^^- ^ *« — • the extracellular or ugand Coding 

.mmunoltoPuBn constant region. The precise s..e at which the fusion-s made ^^^^ 
domain? noted herom are for guidance only and other s.tes r»,gf*onng or within the V eg»n .may be 
selected in order to optima* the secretion or binding charactenst.es of the C04. The optimal sue *.n be 
oeS.* by routine experimentation. In general, it ha, been found that the fusions are expressed 
intSlJarly but a great deal of variation ,s encountered in the degree of secretion of the fusion, from 
SSS. « fSr instance, the folding ««*, demonstrates the vanou, ^SSLTSSS 
have been obtained by the method of this invention. In ail examples of C04 .mmurwadhesons. the C04 

SZTJ* secretion trom 293 cells. Lower c«e m represent, murine on^wh* the ower 
cL h designates human origin. V and C are abbreviations lor immunoglobulin variable ^constant 
drains respectively. The numerical subsenpts indicate me number of parenthebcal units found «r the 

mt»m.r It w,.. be understood that the chains of the mu.timer, are believed to be d.su.We 
SET* the same fash,on as native immunoglobulins. The C04 immunoadheson, typKaly coined 
SeVthe first N-termina. 366 residues of CO* (C04.) or the first 180 N terminal residues of C04 (CD*,) 
linked at their C-termmuS to the . (light) chain or igGt heavy cnarn constant region (,1) 
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Trtmnfir-*' 1 Cat>a 
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■V.C* and/or (■V«C«) 2 



hCD4.BC,, 



hC04-«C- and/or <hCD4-«C«>2 



20 



hciy.-»c 7 i 



hCD4-«C„ ♦ hCDft-BC,! 



n> 

O»CD4-«C»)2(bC04.«C T i)2 ♦ 
hCD4-«C. and/or <faCD4>aC«>2 



hCD4-hC* 



hCDA-hC^i 



hCDA-hC* ♦ hCOA-hC^i 



taCD4-hC* and/or (bCD4-hC«)2 
(hCD4-hC T i>2 

(hd>4-hC«)20»C04-hC 7 i)2 ♦ 
hCD4-hC« and/or <hCD*-hC«)2 



■V^C* ♦ hC04-hC 7 i 



(■V«C«)2(hC04-bC 7 i)2 ♦ 
■V^C* and/or (aV ff C«)2 



*ND - Not detected 



K a .meriting to observe from this taWe that the C04*umen hwvy ^. mmtt ^^r^V^ 

^cumuWon of the proton, how^r). The fifty of 2£2^£?5^J^ 
dim* «at unexpected sine, previous work had suggested ""T^^ (U fe« 
secreted unless the hosts aw c«r.nsformed with nude* ^T^^^^J^^ ^ 
si Nature 241.338 [1931D- According to th* invention, CCH-lgQ immimoafflieeoncnimeiea •"•J»«"» 
icS^ ma C04 aprtop. is present in &ght chain <*n*rs. hMvy ch*« ^^'^J^J^ 
Zwlrt light cham tetxerr»rs wftarain the CM epitope * present fused to one or ™WJ***~V 
ZZtX, «a«*-i where, up to end indudfng f^*"""*^^ 
from C04. Where Vglfrheavy chain non-C04 venaMe domain .s prasant. a fieterofunctwnal antibody thus « 

*^£L exempiary he«*o*«d chimeric ,mmunoedt~on 'SfZS^JS^^S^ 
<nv**on are scitematlcaliy dfcgranvnad betow. "A "Tlf.Tl!^^ £££ 2 

en sdheeon containmg its Sgand binding s<ta: V t . V„. C. end C repre^ ^ 
conelim domains of itn^munogte^ 
(a) ACv 
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(b)ACi-ACi. 

(O AOHAC*. ACrAC. AC-VhCh. VtC-ACn. of V^-VmCh]: 
<d> ACv-AC^AC. AC t -AC„. ACv-VmC-. V^-AC*. or VA-VmCh): 
(0) AC-VmCmHACh. ACvACh. ACt-VnC^. V^-ACm. or VA-V^Cd: 
5 (0 VA-AC^ACh. AC t -AC«. AC t -V«C«. V^-AC*. Of Vvd-V^CH]. 

or 

<g) [A-YUVtCv-VHCH]. 

Tha structures shown in mis table show only key features, e. g. they do not show .oining (J) «omer 
,o domaMs of the immunoglobulins, nor ere disulfide bonds shown. These are o*Md -n me 

Mwever wherTsuch domams are required tor binding activity they stw be construed as being 
2 rmT^d^SoTwhich mey^ccupy in the adheson. ,mmuno*h«on or immunogk*ul,n 
moSes umTS may be. These exempt are representative of divalent antibodies: more complex 
JoukT resuJ by emptying immunoglobu.in heavy chain sequences from other classes. e.gJgM. 
, 5 Th e1Tun^l.in *JL an' bod™ combining site also designated a* me companion immunoglobulin 
oreferablv is capable of binding to a predetermined antigen. 

Se comparuon .mmunogtobuHn combining sites and fusion partners are obtamed from lgG-1. -2. 
•3 or 4- subtypes. igA. igE. kjO or IgM. but preferably tgQ-i 

A f JtoM *s a futon of an N-termma, portion of CD4. ^*ch contain me b,ndmg 
» me gpTzo envelope prote* of HIV. to the Otermiwl F c porbon of an anbbody. contammg the effector 
« o. immuSgSbuUn G<. There are two preferred embodiment of th,s sort: in one ; 
chin constant region is fused to a portion of C04; in another, a sequence beg.nn.ng .n the h.nge reg.on just 
^TLl^r 'cleavage siS which defines kjG F e chemically (res-due 216 «ak,ng £^ 
bvy cha-n consTant reg.on to be m [Kobat et a/.. "Sequences of Prote-n, of Immuf^.ci Invest 
*<i.. 1987], or analogous sites of other immunoglobulins) is fused to a portion of CD4. mesa 
liments are described in me examples, 
wwe particularly those var.ants in which one or more immunoglobulin-like domains of an adheson are 
wbsttuted for the var.able region of an .mmunoglobulin chain are believed to exhib.t improved mgo 
plasma half life. These chimeras are constructed in a laahion similar to ch.me«c ant.bod.es m which a 
» £2. domain from , an..body of one specie, .s substituted for the variable domain o anomer spec.ea 
Se for example EP 0 125 023: Munro. Nature 312: (13 December 1984): Neuberger et al.. Mature 312. (13 
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S ZZ froTa ^S"cT« iST- substituted for the variab* domain of anomer specea 
See for example EP 0 125 023: Munro. Nature 312: (13 December 1984): Neuberger et al.. Nature 312 (13 
S^nK Sharon e, a... Nature 309: ,24 M.y 1984): Mornson eta. Proc. Nad. ACJjdSc.USA 
81 8851-6855 (1984): Morrison et al. Science 229:1202-1207 (1985): and Boul.anne et al.. Nature 312.643- 
646 (13 December 1984). The DNA encoding 7C04 V-like region is cleaved by a restr.ct.on enzyme at or 
proximal to a DNA encod-ng a boundary domain and at a point at or near the ONA •"C^ ^'™' ■ 
end of-me mature ant.gen (where use of a non-CD4 lead is contemplated) or at or prox-mal to the S end o 
the N-terminal coding region for the antigen (where a native CD4 signal is employed). Th.s DNA fragmen 
men ,s readily inserted .nto DNA encoding an immunoglobulin light or heavy chain constant reg.on and., 
necessary tailored by deietional mutagenesis. Preferably, mis .s a human immunoglobulin when the variant 
is intended lor in v.vo therapy for humans. DNA encoding immunoglobulin light or heavy cha.n constant 
reg.ons is knownVTeadily available from cONA libraries or is synthesized. See for 
Biochemistry 19:2711-27,9 (1980): Gough et a... Biochemistry 19:2702-2710 ,1980): Do by £ : * .MM* 
USA. 77:6027^031 (1980): Rice et al.. P NAS". USA 79:7862-7865 (1982): Falkner et al.. Nature 298.286- 
288 (1982): and Mornson et al.. Ann. "Rev Immunol. 2:239-256 (1984). 

ONA encoding me immJnoglobulin or immunoadheson :himer.c chain(s) <s transfected into a host can 
for expression, if the host cel. is producing a heavy Cham .mmunoglobulin prior to translation then one 
need only transfect w,th the adheson fused light chain to produce a heteroantibody. S.m.larly. .f me host ceil 
•s expressing a hght cha.n men DNA encoding a heavy chain adheson fusion is transfected to produce a 
heteroanubody. Th* aforementioned immunoglobulins having one or more arms beanng the adheson 
domain and one or more arms beanng compan.on variable regions result in dual specificity for adheson 
ligand and for an antigen. These are produced by the above-described recombinant methods or by m vitro 
procedures. In me latter case, tor example. F(ab> 2 fragments of the adi-eson fusion and an immunoglobulin 
are prepared, me Flab )2 fragments converted to Fab fragments by reduction under mild reducing 
conditions, and men reoxid.zed in each other's presence under acidic conditions in accord with methods 
ss known per se. See also U.S. patent 4.444.878. . . .„„ 

in an-atternative method for producing a heterofunctional antibody, host cells producing an adheson. 
.mmunoglobulin fusion, e.g. transfected myelomas, also are fused with B cells or hybridomas whichsecrete 
antibody having the desired compan.on specificity for an antigen. Hete*ob.functk>nal antibody « recovered 
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> '''-*■>' ''"^ • 1a ' '^''k^mM Win -itiii m*v ba produced somawhei more ^bnranientty 
from the culture /hedium of .such hytoridomts. w.inus.rnay.o* prw**™ _ 

jamio nSaan or bv recombinant synthesis as • f»*on <»•• ex * n P"' us PKenl 1 OB ~V 
SfJllrtLS 2J^««ibodS9wr«*<idn antibody rvnurwgtotouiin variable domams. such 

orocadure of Raso at aJ.. Cancer Research. 41:2073 (1981). r ^ mrtw , l ftf 

Cess oTidb^on vanants are dSetior* . 0J-« S22S3i^eSS2 
one or more am.no aod re**** from a adheeon sequence Typ^aJly. the "27^^^^^ 
. .„k-.~,« »«, (teMMd m the cm of C04. at least residues 388 to 395 (the transmembrane 

domains of adhesons are dewtea. m me cw w v f • ^..^ .^ „ ^c-tad forms of 

reaioni and ordinarily 396-433 as we« (the cytoplasmic domain). w.U ba deleted to obtam ^ 8 ^ ^"'°' 
S^r^^^Lcally. the amino acid res-due, follow trie numb*. given for nature C04 a. noted. 

for example, in figures 1t • 1c. .^w^« kmo 

Sobs^tfona. variants are those in which at least one rescue a, the ^^»^^" ^ 
removed and a different residue inserted in its place. The nativa f^tetmmal rwrtue for mabjre CM » now 
k^nto be lysine Thus, the sequence shown in Rg. 1. with an N-ternunal aspa/agrne. •• an am.no ac.d 
Zenie JlS* rTve miTcM. Table 2 below descnbas substtutions which ,n ^ w... result „ 
fine modulation of trie characteristics of the CO antigen. 

TABLE 2 
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Original 


Exemplary 


Residue 


Substitutions 


Ala 


ser 


Arg 


lys 


Asn 


gin: his 


Asp 


glu 


Cys 


ser: ala 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


asn: gin 


lie 


leu: vai 


Leu 


ite: vai 


Lys 


arg: gin: glu 


Met 


leu: ile 


Phe 


met: leu: tyr 


Ser 


thr 


Thr 


ser 


Trp 


ty' 


Tyr 


trp: phe 


Vai 


ite: leu 
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Substantial changes in function or .mmunolog.cal identity are made by selector* substitutions that are 
less conservative than those m Table 2. i.e.. selecting residues that differ more s.gnificantly m the.r effect on 
maintaining (a) the structure of the polypeptide backbone in the area of the substitution, tor 
sheet or helical conformation, (b) the charge or hydrophobicrty of the molecule at the targe srte or <c> the 
bulk of the side chain. The substitutions which in general are expected to produce the V^*«™***" 
adheson properties will be those in which (a> a hydrophiHc rescue, e g. seryl or ^^^^ ^ 
,or by) a hydrophobic residue, e.g. teucyl. isoieucyl. phenyialanyl. valyl or alanyl: (b> I icyaternyi or prolyl « 
substituted tor (or by) any other residue: (o a residue having an eiectropowtive »de che^.g lysyL 
arginyl. or histidyl. .s substituted for (or by) an electronegative residue, e.g.. glutamyl or aspartyl: or (d) a 
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rMi<3ua wving-. bu*y side chain, e.g.. phenyialanyl. i, substituted tec (or by) one not having a s.de cham. 

9 " "a Xrred cess ol suhstitutionai o> deietional variants a/e those involving the transmembrane reg.on o. 
m. ^SoTtM ^membrane region o» the adheson is . nighty hydrophobic or iipoph.bc domain mat .s 
, Z t^™« Z?Z w bSyTr o. me ceiMar membrane. « * b***d to anchor the adheson ,n 

** SSTS^ut* of me transmembrane domain wit. facilitate recovery and provide a solubte form 
of th^TS^n t reducing its cellular or membrane Np* affinity** ^SS 

^ cvtooiasmic domains are deleted one avoids the mtroductwn of potentially im 

,o rZZZwu^. e mXexpoaTo! otrie-se inmacelk-ar polypes M might be recognized by 
m^STa^on or by irmertion of heterologous polypeptides mat are potentially ,mmunogen«. A 
JncS aoJJJS oil Insmembrane de*«ed adheeon is that it « secret into thecuitu* • o 
S^Snarn hosts. Th,s var.an, is water soluble and does not have an aff,n.ty «or ceil 

m «mhf ane nods thus considerably simplifying its recovery from recombinant cell culture. 

„ "tTSi Xent from me foregoing discuSS.on mat substitutions, deletions, insertions or any. 
como^uoVm^eoI produced to arrive at a final construct. Aa a general proposition, all vanants w... not 
STSOZ TnZm+m* domain and preferably will not have a functional cytoplasm, seouer.ce 
* s Accomplished by deletion of the relevant domain, although adequate .nserbonal or 

IZZSTZZZSo can be'etfective for mis ^J^^^t^TToM 
20 substituted by any amino acid sequence, e.g. a random or homopolynucleic sequence of about 5to X 
s^nne mreonine lysine, arginine. glutamine. esparto acid and like hydroph.lic rescues. wh.ch altogether 
ZZ a Wi.?h7dropamy profile, so that it is secreted into the culture medium of recombinant hosts. 
Th.svanant should also be considered to be an adhesonvarant. ^^oa 
These vanants ordinarily are prepared by site specific mutagenes.s ol nucleotides in ^ 0NA ^'^ 
« me adheson thereby producing ONA encoding the variant, and thereafter express.ng the ONA -n recom- 
bmant S^uC. Hoi^r. vacant adhesons also are prepared by in vitro synthes*. Obviously venations 
made .n me ONA encoding the variant adhesons must not place the sequence out of read.ng frame and 
£££J Tno, create commentary regions that could produce secondary mRNA «^- ~ous 
to expression (EP 75.444A). The C04 vanants typically exhibit the same gpt20 bmd.ng activity as does the 
» natu^Turnng prototype, aimough variants also are selected in order to modify me character.st.es of 

^ ^r^rrcTan am.no ac,d sequence variation , prede,erm.ned. me m.,ti on ^ se 
need not be predeterm.ned For example, in order to optimize the performance ol a mutation at a g.ven sue. 
„ Horn m^enes, may be conducted at me targe, codon or region and me expressed adhaeor, mm 
£» screened for me optima, comb-nation ol des.red activ.ties. Techniques for making substitution 

prede.erm.ned sites in ONA hav.ng a known sequence are well known, .or examp.e Ml 3 pnmer 

mUt Si e son vanants that are not capable of bmd.ng HIV gpi20 are useful nonemeless as .mmunogens for 
ras.no ant.bod.es to the adheson or as .mmunoassay k.t components (labelled, as a competitive reagent for 
«, gpiS aX* un.abe.led as a standard for an adheson assay) so long as at least one adheson epitope 

fem Th2 STencoding adhesons is obta.ned by known procedures. See Heihertt et at and Maddon et al 
op ct. in general, prokaryotes are used tor Con,ng of CD4 var.ant ONA sequences. For example. | coa 
Ki2~tra.n 294 (ATCC No. 31446) is particularly useful. Other rn.crob.al strains which may be useo include 

45 E coii 8 UM101 and E. coti x i776 (ATCC No. 31537). These examples are illustrative rather man ..m.ting. 
- "DNA encoding the\Iriant adhesons are inserted for express.cn into vectors contam.ng promoters and 
control sequences which are derived from spec.es compatible with the -mended host cell. The vector 
ordinarily, but need no,, carry a replication s.te as well as one or more marker sequences which are capable 
of proving phenotypic selection .n transformed cells. For example. E con is typically transformed us.ng a 

so derivative ol pBR322 which is a plasm.d der.ved from an E. coli spaces (Bolivar, et al.. Gene 2: 95 [1977]). 
PBR322 contains genes for ampicillin and tetracycline resistance and thus prov.des easy means tor 
.dennfyng transformed cells. The pBR322 plasmid. or other microb.al plasm.d must also contain or be 
modified to contain promoters and other control elements commonly used in recombmant DNA construe- 



ss Promoters su-taWe for use w.th prokaryotic hosts illustratively include me ^lactamase and lactose 
promoter systems (Chang et a... Nature. 275: 615 119781: and Goedde. et a. Nature 281: 544 1 19791) 
alkal.no phosphatase, me triptophan (trp I promoter system (Goedde.. Nucleic Acids ResJ^ 4057 [19801 
and EPO Appin. Pubi. No. 36.7761 and hybrid promoters such as me tac promoter (H. de Boer et a... rrgc. 
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WnM ' «T USA bo 21-25 (1983)V However, other funcional bacterial promoter* are awtaft* The.r 
iSiy -mown, mereby enab-.ng a stoUed worker oper^ o 
r^ri^nridheeon variant using linkers or adaptors to supply any reqwred restncoon srtes 
cJTT^TSoB. Promoters ,or use ,n bac.er.al systems also 1" comam a Sh,ne- 
L . ic~fc r.^-^T rvwAbiv linked to the ONA encoding the antigen. 

^;rr:rr^.^rrr:'^ - -~ — — - 

E*o£S rSS? Pub^caSon No. 73.657A Yeast enhancers also are advamageous.y used w,m yeas. 



Promoters are coming transcnpfon from vectors in mammai.an host ce«s may be *«*nec .from 
Purees lor example the genomes of viruses such as: polyoma. &m.an Virus 40 (SV40). 

ZZJZZ£J?Z£~ -d most p^js^ss ; rtJTSSS 

mammal.an promoters, e.g. the beta actin promoter. The «*■"*•* LSHL tSo!SS U 

?oJ-eni opened as a HjndlM E res.r«ion -ragmen,. Greenaw.y. P.X* Gene 
iSmsmo (1982) Ot course promoters from thThost cell or related spec.es also are useful here-n 
" *« eu^ryotes ,s .ncreased by -nserting an enhancer sequence ; n«o . he ^vector 

Enhancers ^ cs-ac,,ng e.emen,s of ONA. usually from about 10 to 300bp. that act to '"crease the 

£££!^2U of a promoter ^'"'^ZtTsZT^TTZ 
havmg been found 5 (La.rn.ns. L. et a... Proc.Natl.Acad.Sc.. 78: 993 (1981) *}J^^Z%£°„ 
Ceil 8.0. 3: 1 .08 [1983]) to the transcT.pt.on un.t. wittun an .ntron Baner,.. XL -JhP" ^"Jj 
well as w.th,n the coding sequence itself (Osborne. T.F . et Mol. Cell B.O. 4. 1293 (1984) Many 
SarSe ISJSm « iWLwn from mammalian gene»-<gTbb.n. e.«W. aibum.n. 
n^ TvTcX however one will use an enhancer from a eukaryonc cell vuus. Examples .nclude me 
iZV^rlTZ^o, the re P ..ca.,n ong.n (bp ,00-270). the ^^^cJ 
i enhancer, the polyoma enhancer on me late ,.de of .he repkca«.on or.g,n and • d ^^^ uCle>ted 
Expr,ss.on vectors used in eukaryofic hos. ceils (yeast fungi, msec., plan. 
ceils! may also comam sequences necessary lor .he .erm.na.ion of uanscr.pt.on "^J™ 
express.on. These -eg.ons are .ranscr.bed as po.yadeny.a.ed segments -n me un.rans.a.ed portion ol the 

mRNA encoding me adheson. ******* marker 

Expression vector sys.em S generally w.ll comam a se»c..on gene, also termed a se.ec.abte marker. 
Exampkas of suitable se.ec.abie markers for mammalian ceils are dihydrofoia.e reductase (OHFR). 
fhySrie k?nase ofneomyen. When such se.ectad.e markers are successful .ransferred -mo a mamma- 
■a„ hos, cel.. me .rans.ormed mamma..an host cel. can Survive .. placed under se.ec..vej »w The e 
are rwo w,de.y used distmc. ca.egor.es of se.ect.ve reg.mes. The firs, category .s based on a cells 
« m use of a mu«n. ceil Hne wh.cn .acks me ab..i.y to grow '"depsnden, o, a summon ad 
medium. Two ex.mo.es are: CHO OHFR" ceils and mouse LTK~ ce«s These ,ce«s M M . «My « ^ 
w.mout me addi,.on of such nutrient, as thymidine or hypoxamhine. Because these ^Jart certain gene 
necessary for a complete nucieohde syn.hes.s pamway. mey canno. surv.ve untess me m.ss.ng nucteo..des 
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are provided in a supplomented medium. An .memabve to Supplement** the med-urn to ^J** 
MacToHFR or TK gene ,nto cel.. lacking »* re**** ge«e. *u, anonng the, growth re*.^ 
.ndMdua. co«« w*ch were not transformed with the OHFR or TK gone mil not bo capaWe of survval .n non 

supp'^mented media. „ 

The second category is dominant selection which rotor. »o a select** scheme used m any cell type 
and does not require me use of a mutant cell line. These scheme, typically use a drug to arrett growth ota 
host cel.. Those cells which have a novel gene woutd express a protein conveying ** 
ZuUi , urvive the selection. Examples of such doming aelection use the drugs neomycin. Southern P. and 
So P j Mo.ec APP«. Genet. ,: 327 (1982). mycophertoHC add. Mulligan. B.C. and Berg. P. Sconce 209: 
MM 098U or hygromycin. Sugden. B. et a... Mot. Cell. Biol. 5: 4tO-M3 (1985). The three examples given 
above employ bacteria, genes under eukaryobc control to convey ^stance to the appropnate drug G4t8 
or neomycin (oeneticini. xgpt (mycophenolic acid) or hygromycin. respectively 

-Amp.ificat.on- refers to me increase or replication of an isolated region within a cell's chromosomal 
ON A Amplificahon .s achieve using a selection agent e.g. methotrexate (MTX) which .novates DHFR 
Amplificat-on or the mak.ng of success,ve cop*, of the DHFR gene result. « great* amount » of WFR 
oe.ng produced in me face of greater amount, of MTX. Amplification presure « appbed notwithstanding the 
pTesence of endogenous DHFR. by adding evor greater amount, of MTX to the media. ^ fi ^*» 
des-red gene caTbe ach,eved by cotransfecting a mammalian host cell with a p^m«Jhav«g a ONA 
encod.no a des.red protein and the DHFR or amplification gene permitting cointegration. One ensures mat 
me cell requ.res more OHFR. which requirement is met by replication of the .election gene, by seiettng 
only lor cells that can grow in me presence of ever^reater MTX concentration. So long as me gene 
encodmg a des.red heterologous protem ha. cointegrated with the seiectton gene replication of m.s gene 
gives r.se to replicate of the gene encoding the desired protem. The result is that increased copwa i of the 
gene. i.e. an amplified gene, encoding the desired heterologous protein express more of the desired 

heterologous protein. ' 

Preferred host cells for expressing the CO antigen variants of mis mvenwon are mammalian cell lines. 
examp.es including monkey kidney CVi line transformed by SV40 (COS-7. ATCC CRL t65t); human 
em*yonic kidney .me (293. Graham. F.L. et al, J. Gen V.rol. 36: 59 {t977, and 293s cells [293 subclone, 
selected tor better suspension growth)); babyfiamster kidney cells (BHK. ATCC CCL 10): Chinese hamster 
ovary<el.s-DHFR (CHO. Urlaub and Chasm. Proc.Natl.Acad.Sa. (USA) 77: 42t6. 11980]): mouse sertoh cells 
,TM4. Mather. J P.. Biol. Reprod. 23: 243-25. (t980]): monkey kidney cel., (CVt ATCC CC 70). a*can 
green monkey kidney cells (VER<5-76. ATCC CRL-1587): human cervical carcinoma cells (HELA. ATCC 
CCL 2. canine kidney cells (MDCK. ATCC CCL 34): buffalo rat liver cells (BRL 3A. ATCC CRL 1442): 
human lung cells (W138. ATCC CCL 75); human liver cells (Hep G2. HB 8065); mouse mammary tumor 
(MMT 060562. ATCC CCL51 ceils); and TRi cells (Mather. J.P. et at.. Annals N Y. Acad. Sci. 383: 44-68 
[1982]) 

-Transformation- means introducing ONA into an organism so mat the ONA is replicable. either as an 
extracnromosomal element or by chromosomal integration. One suitable for transformation of the host cells 
,s the method of Graham. F. and van der Eb. A.. Virology 52: 456-457 (1973). However, other methods for 
tntroducing ONA .nto cells such as by nuclear injection or by protoplast fusion may also be used, rf 
prokaryotic cells or cells which contain substantial cell wails are used as hosts, the preferred method of 
transtection is calcium treatment using calc.um chloride as described by Cohen. F.N. et al.. P'oc Natl 

Acad. Sci. (USA). 69: 21 10 <1972). . t ^, H 
Construction oTsuitable vectors containing the desired coding and control sequences employ standard 
and manipulative ligation techniques. Isolated piaamkJs c. ONA fragments are cleaved, tailored, and 
religated m the form desired to form the plasmkls required. Suitable procedures are well known for the 
construction described herein. See. for example. (Mamatis. T. et al.. Molecular Cloning. 13M34 Cold 
Spnng Harbor, [19821: "Current Protocols in Molecular Biology", edited by Ausubel et at. [1987]. pub. by 
Greene Publishing Associates & Wileyiricrscience). 

Correct plasmid sequences are confirmed by transforming E. col. K12 strain 294 (ATCC 31446) with 
ligation mixtures, successful transformants selected by ampieillin or tetracycline resistance where appro- 
priate, piasmids from the transformants prepared, and then analyzed by restriction enzyme digestion and or 
sequences by the method of Messing et al.. Nucleic Acids Res. 9: 309 d98H or by the method of Maxam 
et al.. Methods in Enzymology 65: 499 (1980) 

Host cells are transformed with the expression vectors of this invention. Thereafter they are cultured in 
appropriate culture media, e.g. containing substances for inducing promoters, selecting transformants or 
amplifying genes. The culture conditions, such as temperature. pH and the like, are those previously used 
with the host ceil selected for expression, and will be apparent to the ordinarily skilled artisan. 
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The secreted adheson variant* are recovered and purified from the culture supematams ^^* na " 
nostT rJST «t« supplants are concentred by u.trafiltrabon. contacted a '•fl*^"'* " 
rJK^i^-o the edhesonWt. and eluted frc* ft. mamx. Opbona..y. the 

No««^n*no mi me hydrophobic transmembrane region of the anfigen had been deleted, the anhgen 
^S^T^mJ!^T^ »9W« that could be readily removed from .u^pen»on by 
cemnTugauon eHOOO x g. and which avidly coat surfaces such as ultrafiltration membrane.. Th.s 
M ET£ TJurtonm concentration of aibumin or other serum prot-n (or<*n*.y prwent ,rj me oude 
» a particular tevei. below -n.cn the truncated antigen no ^'^^ ™' 
£!*«Lnon aooears to be aggravated by exposure of the CD* adheson to tow pH (< about pH 4). As a 
SS^2?5^S!^ ^ acid e-ufion. such as be 

modified so that me etuate is maintained at. or ,mmediate.y returned to. about neutral.^ Further a 
lactam, e g a detergent such as Tween 80. should be included with the anogen dunng me sepa^on 
Procedure. The final purTed product will be stabilized wim a predeterm.ned proton such as a.bum.n. and or 

' d8 The' e iied adheson is formulated into conventional pharmacologically acceptab- exapienta. 

« « aTm.mstered to patients having HIV infection at a dosage capable of remaining a concentraoon o 
Q ,ea*f mTa^ 100 ng of soluble CD4 adheson m, p,asma. For C04 adheson variants havmg d.Heren, 

clinically .nTder to establish a stoichiometric equivalence wim native (membrane bound) and soluble 
receotor The ordinary dosage of soluble C04 is tOO ug-kg of patient weight day 

Te therap^t-c C04^,ants are employed wim other therap.es and agents for the treatment of AIDS. 
,nclud.ng AZT. neutralizing antibodies and .mmunocytotoxins. gpl20 fragments and vaccines. 

.n order to facilitate understanding of the following examples certa-n frequentty occumng memods 

and Of terms will be described. 

•P«asm,ds- are des.gnated by a lower case p preceded ando. followed by cap.tai letters anq.or 
numbers The stamng plasmas herem are e.ther commerc.ally available, publicly available on an unrestnc- 
'.. or can be constructed from ava,.able p.asmids .n accord w,m pubi.shed procedures, .n MMm 
Wu,va,em p.asmids to those descr.bed are known in the art and w„l be apparent to the ord.nar.ly stalled 

ar1 ' S -0.aest.on- of DNA refers to catalytic cleavage of the DMA wim a restriction enzyme that acts only at 
certa.n sequences .n me ONA. The var.ous restnction enzymes used here.n are commercially available and 
STreaX conditions, co.actor, and other requirements were used as would be known to ™ °rdmar'.y 
skilled artisan. For analytical purposes, typically i ug of plasmid or ONA fragment <s used w.m about 2 
un.ts of enzyme in about 20 ul of buffer solution. For the purpose of .solating ONA fragments for pi«m.d 
construct.cn. typ.ca..y 5 to 50 ug of DNA are digested w.th 20 to 250 un.ts of enzyme m a "ar^ume 
Appropriate buffers and substrate amounts for particular restnction enzymes are spec.fied by the manufac- 
turer, incubation times of about 1 hour at 37*0 are ordinarily used, but may vary .n «C*dance w.th the 
<c supplier's .nstruct.ons. After digest.cn the reacfon <s electrophoresed d.rectly on a poiyacryiam.de gel to 
.soiate me desired fragment. . ... 

-Recovery' or "isolafion- of a given fragment of ONA from a restricts d^est means separation of the 
digest on poiyacryiamide or agarose ge. by electrophoresis. .denti«.cat.on of the fragment of .merest by 
companion of its mobility versus mat of marker DNA fragments of known molecular we,ght. removal of the 
, 5 ge. section contaimng the desired fragment, and separz-on of the ge. from DNA. Th.s Procedure . known 
generally (lawn. R. et a... Nucie.c Ac.ds Res. 9: 6103-61 14 [1981]. and Goeddel. D. et *. Nude.c Ac.ds 

ReS -OepSspho^ation- refers to the removal of the term.nai 5 phosphates by treatment with bacter.ai 
alkaline phosphatase (BAP). This procedure prevents the two restriction cleaved ends of a DNA fragment 
k from -circularizing" or forming a closed loop mat would .mpede .nsert.on of another ONA fragment at me 
restrict.cn site. Procedures and reagents for dephosphorylauon and other recombinant man.pulat.ons are 
conventual Reactions using BAP are carried out -n 50 mM Tr.s at 68 C to suppress the acfv.ty of any 
exonucleases wh.cn may be present in the enzyme preparafions. Reacfons were run for i hour Fo.iow.ng 
me reaction the ONA tragment is gel punfied. 

-Ligat.on- refers to me process of torm.ng pnosphodiester bonds between two double stranded nuclei 
acid fragments (Maniatis. T. et al.. W. at 146). Unless otherwise provmed. ligabon may be «comphshed 
using known buffers and conditions with 10 units of T4 ONA ligase fligase-) per 05 ug of approximately 
equimolar amounts of me ONA fragments to be tigated. 
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•Filling- or "WominQ- Wars to toe procedures tor*** the single strande^e«wjn I S-fSTS! 
t«rm,nusof a restnctwn enzyme<leaved nucleic acid is converted to a double strand. Th* ehm-nates the 

^r^orT. biun, end T*. proceas . versatile too, tor converting . 
SSTmay ba conasiva with me ends eraatod by only one or a few otoor restriction eruymes .nto a iambus 
^DaJbta with any blunt-cutSng restriction andonuclaasa or other filled coheawe termmus. Typcaily 
2?? SorSU by S^ng MSog o. toe urge, DMA in l OmM Mj£ 
SOmMNaCl lOmM Tris <pH 75) buffer at about 37 C in toe praaanca of 8 urn* of the Kienow fragment of 
ONA JSZmlm I and 2M uM of <«ch of toe four deoxynudeo** tophosprwtoa. The incubation generally 
is terminated after 30 min. phenol and chloroform extraction and etoanol precipitation. 

S Mowing examples merely illustrate the bast mode now contemplated for practicing the .nvenooa 
but should not be construed to limit toe invention. All literature citations herein are expressly incorporated 
by reference. 

Example i 



45 



so 



Construction of Vectors for the Expression of Native CD4 and Secreted Derivatives 



Section 11 

K The plasmid used for recomb,nan. synthesis of human C04 was pSVeCD40HFR. The plasm* was 

CTn twi"coSSSg most Of toe cod.ng sequence of human C04 (obtained from a human placental 
cONA library using oligonucleotide probes based on the published sequence [Maddon et aJ. 9051) was 
digested with EcoRI to produce toe cONA insert. This fragment was recovered by poiyacryiam.de gel 

x electrophoresis (fragment 1) 

PUC18 was digested w,th EcoRI and the smgle fragment recovered by polyacryiam.de gel elec- 
trophoresis (fragment 2). FragmeTTi was ligated to fragment 2 and the ligation mixture transformed .mo E 
coii strain 294. The transformed culture was plated on ampicillin media plates and res.stant ccrton.es 
ieiected. Plasmid ONA was prepared from t/ansformants and checked by restriction analysis for the 
is oresence of the correct ONA fragments. This plasmid is referred to as pUCC04. 

pSVeE OHFR (Mueang et al.. Cell 40:691-701 {19871) was digested w,th Kpnl and BamHI and blunted 
with E coii ONA polymerase" (Kienow fTSgment) and toe four dNTPs. Fragment 3 containing the p L-Amp 
reo ; on SV40 early promoter, the HIV LTR. and the mouse OHFR gene was recovered by gel elec- 
trophoresis, ligated and toe iigat.cn mixture transformed into E coii strain 294. The transformed culture was 
« plated on amp*.n.n media plates and resistant coton.es selected. Plasmid ONA was prepared from 
Informants and checked by restnction analysis for the presence of the BamHI restriction s.te . and the 
absence of the Kpnl restnction site Th.s plasm* .s referred to as pSVeABKDHF* and allows EcoRI-BamMl 
fragments to bTTnserted after the SV40 early promoter and transcribed under its control, foilow.ng 
transfection into an appropriate cell line. . 

Synthetic oligonucleotides (adaptors 1-8. below) were made to extend from 78 bp 5 of the initiation 
codon of C04 translation to the Rsai restnction site at 121 bp 3 of the in.tJator. with the sequence AATT at 
the 5' end of the sense strand"uT generate an end which could ligate to an EcoRI restriction fragment. 
These oligonucleotides were ligated and toe 204 bp fragment containing the entire sequence recovered by 

gel electrophoresis (fragment 4). 

C04 adaptor 1: AATTCAAGCCCAGAGCCCTGCCATTTCTGTGGGCTCAGGTCCCT 
C04 adaptor 2 pACTGCTCAGCCCCTTCCTCCCTCGGCAAGGCCACAATGAACCGGGGAGTC 
C04 adaptor 3: pCCTTTTAGGCACTTGCTTCTGGTGCTGCAACTGGCGCTCCTCCCAGC 

CD4 adaptor 
pAGCCACTCAGGGAAACAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGT 

C04 adaptor 5: pACAGGTCAGTTCCACTGTATCCCCTTTTTTGCCCAGCACCACTTTGTTTCC 
C04 adaptor 6: pCTGAGTGGCTGCTGGGAGGAGCGCCAGTTGCAGCACCAGAAGCAAGT 
C04 adaptor 7: pGCCTAAAAGGGACTCCCCGGTTCATTGTGGCCTTGCCGAGGGAGGAAGGG 
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C04 adaptor 



8:QCT(3AGCAGTAGQOACCtQAGCCCACA0AAATGGCAGGQCTCTC5OGCTTG 



PUCC04 was digested with Rsal and Sstl and the 401 bp fragment conta.n.ng part of me CW codmg 
sequence recovered by 9* e^^es,*- agment 5). pUClS was digested **. to* ^ J* and me 
foment compns.ng m.** of me ptasmid recovered by gel e^t^es,. (fragment ^™<^ 
JS 5 were ligetrt to fragment 6 and me ligation mixture transformed,*, *J^"*». Jjj 
formed culre was p*«ed on ampciii-n media plates and resistant ^ J*^ ^^ 
was prepared from transformer,* and checked by reaction analys* for the °* "EL^TE 

r^Jlni The seouence of the inserted synthetic ONA was checked by exci*ng the 605 bp EcoRl-Ssti 
^Z s^vXTul^aT^ ligaong them to M,3mp,9 wfcch had been digested w,th me 
Z >™ ! £OH stra,n JM,0,. ^^ ,^,^0^ 

sequenced One piasm.d which contained the correct sequence was selected, and « referredto «PC°*^ 
oC^nt wi digested wim EcoRi and Sst. and fragment 7 containing the 5 end 0 the CW . eodmg 
re g,on w« rJcotere?by get eiectro^es«-pUCCD4 was digested wim Sst. end BamH ^ the ti Ml bp 
Z™ TJLng the reunder of the C04 cnd.ng region (fragment 6, recovered by gel ^MM» 
9 pSVeABKDHFR was digested wim EcoRI and BamH. and fragment 9 compr.s.ng m? bum of me 
nusmid was .solated Fragments 7. B andTwere ligated and the ligation m.xture transformed into E. coh 
S 2^ T^TnJormed culture was plated on ampicil.in media plates and me r..,.tan, co*n«s 
le^teTpiasmid ONA was prepared from transformants and checked by restnction analys* for the 
"eTe^e 0. Sconec. fragments plasmid is referred to as pSV.C040HFR. and was used to dnec, 
synthesis of recombinant intact CD4 



Section 2 



A piasm.d was constructed to direct me synthests of a CO* denvative lack.ng the putative transmem- 
brane domam and most of me putative cytoplasm* domarn (Maddon et a..). This was done w,m the 
,ment.on of creating a secreted form 0. C04, based on the assumption that mese ^aans^chorme C04 
giycoprote-n to the cell membrane, and mat the* deletion would result .n the secretion of the product. Th.s 
piasmid is referred to as pSVeC04AN 1 aOHFR and was constructed as follows: 

PUCC04 was digested w.th Sstl and Taql and the 531 bp fragment (fragment 1Q) recovered. pUCCD4 
was digested w,th Nialii and TaqTaV* theTTz bp fragment (fragment 1 1 ) recovered. pUCCD4 was digested 
w,tn BamH. and mail, and thTMi bp fragment (fragment 12) recovered. pC04,m *«? S ^7?J2' 
and BamH. and fragment 13 compnsing me bulk of me plasmid recovered. Fragments 0.11. and 12 were 
ligateTTogether wim fragment 13 and the tigation m.xture transformed .nto E coti strain 294. The 
transformed culture was plated on amp,c.inn media plates and resistant co.on.es selected. 
was prepared from transforms and checked by restriction analys.s tor me presence of_ me cor ec 
tragment. Piasm.d ONA from several transformants was sequenced to ensure mat the 1 95 bPjLf 1 " 
Iragmem had been deleted and mat the proper reading frame was restored. The resulting plasma .s 

referred to AS pCD4ANla. , 

0 CO4ANia was digested wim EcoRI and BamH. and me 1541 bp fragment containing the W"** 8 
a C04 derivative lack.ng the transmembrane a7d~cytoplasm.c domams recovered (fragment 14) and ..gated 
to .ragmen, 9 and me ligafon mixture transformed .nto E. col. stra.n 294. The transformed culture was 
plated on amp.cillin media plates and res.stant co.on.es selected. Plasmid ONA was prepared trom 
transformants and checked by restricts analys.s for the presence of me correct fragment. Th.s plasm* .s 
referred to as pSVeCDaaNlaOHFR. 

Both pSVeC040HFR and pSVeCDaaNi aOHFR were tran$«ected .mo CHO celts by me same method 
used to establish cell lines stably expressing HIV-I polypeptides (Mues.ng. Sm.th and Capon, com 
486910701 11987]). These cells were assayed for production by rad.o.mmunoprec.pitatron as descr.oeo 
beiow Wh..e no product was detected .n in.t.a< experiments, subsequent experiments showed that me 
above descnbed coding segment could indeed direct the synthes.s of a soluble C04 adheson var.ant both 
m CHO and 293 cells. 



Section 3 



A different express.on system was initially used for the synthes.s and expression of a C04 variant 
iackmq completely the cytoplas.n.c and transmembrane doma.ns. The system uses the cytomegalov.rus 
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promoter and can be used in cultured cells of human origin. The first piasmid constructed foruse int ii.s 
*ZTJ£>Z me entire coding region for C04 and was tended to function as a control .n me fo.tow.ng 
itudies K is referred to as pRKCD4. and was constructed as follows: 

pSVeCWDHFR was digest* wrth EcoR. and BamH. and fragment 15 ccyuamir^ me entire CD4 coding 
region was isouued. pRKS (European AppHcation N5T830B386.7) was digested wrth EcoRI and BamHl and 
foment <6 comprising me bulk of the piasmid recover* by gel electrophoresis, Sgated » fragment 5^ 
aS me ligation m^7 transformed into E. coli strain 294. The transformed culture was plated c^ampo'hn 
Zto plies and resistant colonic setocTod^iasmid DNA was prepared from transform**, ^ checked 
by restriction analysis for the presence of the correct fragment. This piasmid is referred to as pRKCDa. 



Section 4 



The next p.asmid constructed was designed to direct me expression of the above^nentioned (Section 3) 
secreted derivative of C04. The coding region of C04 was fused after ammo acid re„due M8 J^ 
C04 to a sequence from p8R322 which codes for 9 more residues before a translation termination codon 
This removes the putative C04 transmembrane and cytoplasmic domains, whichere presumed to anchor 
CD4 to me cell surface. The piasmid is referred to as pRKC04T. and was constructed as 

P SVeCD40HFR was digested with Hpall. blunted with Klenow fragment and the four dNTPs. and 
digested with BstEll. The 382 bp fragment (fragment 17) containing part of the CD4 c^.r^ sequence was 
recovered by gei electrophoresis. pSVeCD40HFR was digested wim EcoRI and BstEll and the V* bp 
fragment (fragment t8) recovered. p8R322 was digested wim Hindlll. blunted wrth Wenow fragment and me 
tour dNTPs and digested wim EcoRI. Fragment 19 comprising the bulk of the plasm* was .soiatftd and 
hgated to fragments t7 and t8 aTSme ligation mixture transformed into E. coli strain 294. The transformed 
culture was plated on ampicillin media plates and resistant colonies selected. Piasmid DNA was^repared 
from transformants and checked by restriction analysis tor the presence of the correct fragment Tn.s 

piasmid is referred to as pCD4Tint. :.„,«,-- 

pRKS was digested wim EcoRI and Smal and fragment 20 comprising the bulk of the plasm.d isolated. 
oC04Tint was digested w.trflcoRI andlcoRV and me 1410 bp fragment containing the C04 coding 
sequence to the Hpall site at Ti76 bp 3' oTthe initiating codon and the 1 54 bp Hindlll-EcoRV fragment of 
PBR322 was reared (fragment 21). Fragments 20 and 21 were ligated and the ligation mixture 
transformed .mo E. coli stram 294. The transformed culture was plated on ampicillin media plates and 
resistant cok>nies~seie«ed. Piasmid ONA was prepared from transformants and checked by restriction 
analysis for the presence of the correct fragment. This piasmid is referred to as pRKCD4T. 



Section 5a 



in order to create a secreted form of CD4 which could be purified with an antibody directed to herpes 
virus type I glycoprotein 0. a piasmid was constructed to express a derivative of C04T in wh,ch the region 
coding for the mature, processed CD4T polypeptide was fused to a sequence coding for the signal peptide 
and the first 27 residues of the mature type I Herpes Simplex Virus gO glycoprotein. Th.s plasm.d .s 
referred to as pRKGDC04T. and was constructed as follows: 

pgOTrunc.OHFR was digested with EcoRI and Pvutl and the fragment containing me coding region tor 
the signal peptide and first 27 res.dues"cTthe mature HSV I gO glycoprotein was isolated (fragment 22). 
PRKC04T was digested w.m EcoRI and BstEll and fragment 23 containing the 3 end of me CD4 coding 
sequence and me pRKS region was isolated. 

Synthetic oligonucleotides GO (adaptors 1-2. below) conta.n.ng the coding sequence of C04 from me 
codon for the ammo terminal residue of mature C04 to me Rsa site at 121 bp 3 of translation imt.at.on. and 
contain.ng me sequence CTGCTCGAG at the s' end of the sense strand were prepared (fragment 24) 
pRKC04 was digested wim Rsal and BstEll and the 665 bp fragment containing part of the coding region 
lor CD4 was recovered (fragment 25) and ligated to fragment 24. After digestion w.m BstEll to ensure mat 
only monomenc fragment was present, me 724 bp fragment contaminc. both sequences was recovered by 
gel electrophoresis (fragment 26). - ■ *oa tko 

Fragments 22. 23 and 26 were ligated and the ligation mixture transformed into E. coh strain zse . i no 
transformed culture was plated on ampicillin media plates and resistant colonies selected. Plasm.d DNA 
was prepared from transformants and checked by restriction analysis for the presence of the correct 
' fragment The sequence of several transformants was checked to ensure that the synthetic .nsert was 



IS 



I^S££2 ST(^12DME supped with l-glutamine. P^^^'" 
£d iSTSS wim 05 mg,m. G418 (GentJcin sulfate: Gibco) tor -toe** of .Uble 
^ . comSng n*mo*Le as shown by Muesmg et «1. Cells were ""^^^^f^* 
CW analogs b/rad.»mmun^eciprt.«*n. Binding studies (section 5c) used K^r^«f^n 
meVce«?in the i:t F12DME medium. Materials used in infectivity assays (sector 5b) we obtained as 
described in section 8 below. 

oOCD4 adaptor 
CTGCTCGAGCAGGQAAACAAAGTGGTQCTGGGCAAAAAAQGGQATACAGTGGAACTGAC ? 

aDCD4 adaptor A 

pACAGGTCAGTTCCACTGTATCCCCTTTTTTGCCCAGCACCACTTTGTTTCCCTGCTCGA 



Section 5b 

The follow^ constitutes a study ol the neutreuzatton of H.V-1 ^ectWty by^ubje CW 
modification of L neutralizes procedure of Robert-Guroff et .1.. ^J£^^ W " 
Equal volumes of inhibrtor supernatant and virus (60 meters) were incubated at 4 de^ees C tori how. 
men the same vofume of H9 <GaHo e, a... Science 224:500 ,1984) at ZZ^JZ'^ZZ 
continued for i hour at 37 degrees C. Following absorption. 2.5x10 s cells m 150 m«roUters were transferred 
2 'Toi ncubTon med^At,.* 4 days at 37 degrees C. the cuftures were sp.it v2 with fresh med* and 
°cub«ed for an addfcona. 3 days. Cultures were harvested, reverse transcriptase acbvrty was measured 
SSSn* " A.OS Research and Human Retroviruses 3:7,. ,987). and ™^V™£^ 
Lth HrV.1 positive serum was de.erm.ned as deserted (Pcesz et a,.. ^J££N« 'S^SSi d 
,980, .nh.b-tor supernatan« were Obtained from confluent plate culture, rf 283*CDT4. 293agOCWT ceH, 
or untransfected 293s cells by replacing the growth medium incubation media and riarvest.ng the 
supernatants 24 hour, later .nhibitor supernetant replied part or all of the ncubet>on media during me r* 
mr« days df culture as ind.cated ,n me second co.umn of Table 3. ChaHenge dose of virus was 100 
TOO,; (Groooman et a) . supra) of H.V-, strain HTLV-IIIB grown in H9 cells assayed in the same systenv 
incuStiSmTs ccSslteu SI** «640 media contaming 2m M L^utam.ne. ,00 unit*m. p^aihn. ,00 
myograms m. streptomyc.n. 2 micrograms m. po.ybrene and 20% fetal calf serum (M.A. Byproducts). 

Table 3 



inhibitor supernatant 


Dilution of 
Inhibitor 


Indirect immunofluorescence 
(•• positive cells) 


(cpm ml x 10 s ) 




supernatant 










mock-transfected 

mock-transfected 

C04T 

C04T 

gDC04T 

gOC04T 


c c c c c c 


65.3 
61 2 
0.4 
08 
0.4 
1.4 


65 5 
61.1 
18.0 
16.1 
26.6 
36.1 


21.8 
18.5 
0.11 
0.15 
0.14 
0.23 


23.9 

28.1 
5.94 
3.72 
992 

11.3 



Bom forms of soluble C04 v.rtuaily abolished me growth of HIV-,, when mcubateo with v.rus-.nfected 
ceils without prior dilution (Table 2). At a dilution of ,:4 me soluble CD4 preparations were only pamaMy 
effective in inhibiting virus growth, however the level of Huorescent-positive cells and reverse 
*as still SKjnificantly tower than cultures receiving mock-transfected cell supematants (Table 2). Smce , mere 
was no significant difference in virus growth between diluted and undiluted control supernatants. nor did any 
of me supernatants affect me growth of uninfected H9 cells (datt not shown), soluble C04 prote.nsi present 
,n these supematants were concluded to be responsible for me neutralization of MlV-i infection of H9 celts. 
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Section 5c 

To determine the affinity constant lor interacts between gpi20 and CWo-004 variants, saturaeon 
b^a^s was cvrJ out wim soluble C04 (supra) and det*g*« sokib.u»d 
Con 50*7S (1 987]) emptoy.ng radioiodinated gpi20"iaoeled with toctoperoxxttse. B.n*ng reacwns con- 
™Jrot " iSTng to 670 ng. 2.9 nftr,, incut-ted tor 1 hour at 0 degree* C w* ell hrsate, 
Snino imact CD4 (Laskey et al.. op cit.) or cell supernatant* containing unlabeled C04T or gDCCMT 
TZ^^c^TZo, Savons (0.2m.) had a final compost of O.SX McOc^a . Lys* 
^^McOLBMi x McOLB containsO.5 % Nonidet NP-40. 02% Na deoxycholate. 0.12 M NaCL. 0.02 M 
Penormed in duplicate, bom in me pre^nce or ^o. 50 m = s o 
labeled purihed gpi20 (74 fold or greater excess). Following incubation, bound gpi20 was quanfOtted by 
^ovJXt'lc coun.ee in a gamma counter. For inr.nopreo*^. «^«~™JZ°Z 
were preabsorbed with 5 microliters of normal rabbit serum tor one hour at 0 C. and cleared wrth 40 
m^omeToTPansorb-n (10 % w.v. Calbiochem) tor 30 minutes at 0 degrees C. Samples were then 
7SZ Toln^O degree, C with 2 microliters o, norma, serum or 5 mjcro.it*. MS mic = » o 
OKT4 monoclonal antibody (Ortho) followed by col.ect.on of immune compos wrth 0 ™<««" « 
PansorOin Precrpitates were washed twice in IX McDLB and once in water, then .luted by eluting^ at 100 
C^C lor 2 tnutes in sample buffer ,0.12 M Tris-HCl pH 6.8. *% SOS. 0.7 M m*C«tO^20% 
aJcerol and 0.1% bromophenoi blue). C04 molecules were bound saturaWy by gpl20. and ywided a 
?mp* mSs action oind.nTcurve. Supem«ants from n^-transfectod cells g«e a level of specmcaHy 
oTnSgp.20 less man that found lor supernatant, containing soluble C04. Scatchard an«<y,.s reveled 
a ,,ng.e cims of binding srtes on each molecule, wim apparent dissociate constants^) oM.3 . .10 ML 
0 83 x 10" M and 0 72 x 10"' M for intact C04. CD4T and gOCD4T. respecbvely. The values obtamed tor 
C04^pl20 bmding in solution are comparable to the affinity previously measured for gp120 b.nd.ng to CD4 
on whole cells (Kd »4.0 * 10" ! M Lasky. Cell, supra ). 



Section 6 



in order to produce secreted denvatives of CD4 wh.ch are free of extraneous am.no aod restoues .two 
plasm,ds were constructed for expression .n 293 cells. The piasmids contain C04 genes wh«r .have been 
truncated w.thout me addition of extra res.dues. and are referred to as pRKCD4ANla and pHKC04TP. and 
were constructed as follows: 

Ragmen! 14 contam.ng the CD4 gene with me 195 bp Nlalll restriction fragment deleted was ligated to 
fragment 16. *h.ch .s pRK5 digested w,m EcoRl and BamHI. The ligation mixture was transformed into E. 
coli strain 294. me transformed culture plated on amp.ciii.n media plates and resistant coton.es selected 
piaVrnd DNA was prepared from transformants and checked by restricts anaiys.s for me presence of me 
correct fragment. The resulting piasmid is referred to as pRKC04&Nla. 

Synthetic ON A was made to attach to the Hpail site at I176bp ano wh.ch when so attached would 
terminate translation after am.no acid residue 370 of mature CD4 (fragment 27). The iother end i o tot 
fragment was designed to Mgate to BamHI restriction fragments. pUCCW was dusted i w,m BstEH ano 
Hpall and me 382bp Irag.nent containmgpart of me C04 gene was recovered (fragment 28). Fragments 27 
Snd 28 were ligated and men digested wim BstEII to reduce dimenzed fragments to monomers, and the 
resulting 40ibp fragment was recovered (fragment 29) 

PRKCD4 was digested with Bstll and BamHI and the fragment comprise the bulk of me piasmid 
(fragment 30) was isolated and ligated to fragment 29 The fcgation mixture was transformed .nto E. cob 
strain 294. the transformed culture plated on amp.ciil.n media plates and resistant coion.es selected 
Piasmid ONA was prepared from transtormants and checked by restriction anaiys.s tor me presence of the 
correct fragment. The resulting piasmid is referred to as pRKC04TP. Bom piasmids are rransfected .nto 293 
cells to generate stable variant C04-expressmg cell lines as described above. 



Section 7 



Two piasmids were constructed to direct the expression of secreted C04 lack.ng extraneous am.no ac.d 
residues in CHO ceils. These are referred to as pSVeCO4ANlaSV0HFR and P SVeC04TPSV0HFR. and 
were constructed as follows. 

PE346HBV.E400022 was digested with Pvul and EcoRl and the fragment containing the SV40 early 
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^ o„ ol the ^lactamase gene was recovered (fragment 3i). pE348HBV.E400022 was digested 
^Z%^Z, £«£ &m coming of «• ^lactamase geoe as well as me 

<;v40^Ifiv orofnoter tnd the OHFR gene wa« isolated (frsgmerrt 32). 

The transformed cutture was plated on emociiim media platee and mount ^^*^ P ^ 
DNA .as prepared from transformants and checked by restriction analysis lor the presence of the correct 
£££ T^fuiUr^piasmid i, referred to as pSttEC04ANt.SV0HFR. This ptosm* «x«*ns me ,mm 
STWent enSdmT the soluble C04 molecule found in me atoOv*m«*oned piasm,d 

^P^W^dSSaTwim EcoR. and BamH. and the fragment containing me truncated iC04 cod,ng 
^ "ZJZrtW* «o lament, Wind 32. Wco ^r, ^^ZlZlS 
mam 294 me transformed culture plated on ampidllin med« plates and resistant colonies seiectea 
tZTw-ZSZ from transforms and ? e 
correct fragment The resulting plasmid is referred to as pSVeCWTPSVDHFR. Bom of these plasmas are 
S2 mo CHO ceils and amplified transfectants seated by methotrexate using conventional 
procedures. 



Example 2 



Fusions of me v region of the CD4 gene, which is homologous to the variable region ^ m ™^* n 
genes (ref Maddon et al. 1985). to the constant (C) region of human immunoglobulin . and ,2 chains are 

™7w"oT]'™«» to code for me C region of human , chain (residue, 109-214, *sed on the 
S80u enc7ouMshed by Morin et al- Proc. Natl. Acad. Sci. 82:7025-7029. with the additwn at the 5 end of 
r«S 9 "anTS me sequence" GGQG. whtoh altows mi.-fragment to be .ig.ted * £8*^ 
end of the putative V-like region of CD4 At the 3 end of the coding reg*n. a transsexual stopcodc^s 
sold a sequence which altows this end to be ligated to BamH. restnetwn fragments. The 

SnS«,"oNA * made^n 8 fragments. 4 for each strand. 70-90 bases tong. These are men allowed .o 
anneal and ligated prior to isolation on a poiyacryiamide gel (fragment 33). 

pRKOW is digested with EcoR. and BspM. and me 478bp fragment containing the reg.c* coding for 
me putahve v'lKe doma.n of CD4 ,, receded (fragment 34). Fragments 33 and 34 are hgatod together 
wTmCnen, 16 (from me expression vector pRKS). The ligation mixture ,s transformed into E. cob .strain 
S. ^transformed cu.ture plated on amp.ci.lin media plates and resistant 

,s prepared from transformants and checked by restriction analysis for the presence of me correct fragment. 
The resulting plasmid is referred to as pflKC04Ck. ,^,„ n .« 

A plasmid encoding a fusion of me CD4 V-..ke domain to the human .immunoglobulin C,2 region * 
construct a sim.lar tash.on. ano is referred to as pRKCD4C T 2. Both of these plasm.ds are Uansfected 
So »3 cells, myotome cells or other competent cel.s in order to obtain cel. lines e-.press.ng vanan, C04 
molecules as described above 

Expression in CHO Cells 

P.asm.ds were constructed to direct me expression of the .mmunoadhesons i describee I above nf .CHO 
cells These are referred to as pSVeC04 4 ,,SVDHFR. P SVeCD4„,SVDHFR. P SVeC04^,SV0HFR. 
pSVeC04 u ,tSV0HFR. pSVeC04,»SV0HFR and pSVeC04,.SV0HFR. 

Fragment 31 was prepared as desenbed above. Fragment 32a was prepared by digesting piasmto 
PE348HBVE400 022 wrth BamHI. blunting w.th Klenow fragment and the four dNTPs. then digesting w.m 
PvuVp.asm.ds pflKC04.,T-pRKC04„,. pRKCD4^t. pRKCD4 #Jll i. pRKC04„ and pRKCD4, were 
I5p"arateiy d.gested w.m Hindlll. blunted with Klenow fragment ano the lour dNTPs. then digested w,m 
EcoPl The resulting DNA "fragments were (.gated togemer with fragments 31 and 32a and transformed . mo 
£ cof. strain 294. Colonies were selected and checked for me presence of the correct piasm.d as above. 
, men transfected into CHO ceils and amplified by methotrexate selection using conventional procedures 

Example 3 



18 



EP 0 314 817 A1 



, . P _ oUl , wM punfied rom can culture fluid containing either 

The O0CO4T secreted by the eir^r** cefl culture Huid was first concentrated by 

,0% «l Ueta. bov,ne ^ or -^^^^Tmr^nrty column «. product by 
uttrafiltrauon then purified by ^m^tfi-^ JJWJV ^ HSV-1 gO portion of the QDC04T 
coupling murine monodonj 5B6 Jj^ o« Roy ej £ . 1984- TM cor^tr^e. 

mclecuie) to Glyceryl coated controlled pore giass oy "^^^ orotems are washed away with neutral 
Xelo is applied directly to ^ «^^^nS, ^.thyammonium ch^nde 

rrXS?™^ — by the a».ity - 

aphys.oiog.ca ^ ^ g0C D4T forms « T , rom ^ «, lu t,on. 

„«L2*? T«Co»m«..y 10.000 Xg for 2 mjnutet >»° EsmS. .« P« 7 together with 

27? gic^ a. 4' C in 0.1 M .odium ™^^?«TLLce of a Stabilizer the gOCD4T 
«a T^ln 80 or glycol as candidate stabduers s *^*^ , ^ ^ 6O-70N of the protem was 
£ ~ J^S^n^nsured that about I00nor80^ 

. ki- unwever use of 0.1% wv iween oo or tu* v -^..nnjv Glycerol was ineffective as a 
^veTcTia 90CD4T remained ~ me gOCD4T was 

!lS and produced results inferior even to the contrpl-at oay 
legated when .n me presence of glycerol. 



Example 4 

^constructed to direct the expression of proteins containing differing lengths of the am.no- 
P ^ m ex^uiAr domain of C04 fused to the constant region of human immunoglobulin 7 i. These 
a^red to as pRKCO^i. pRKCD^i. pRKCO^i. pRKCO^i. pRKCD4, 7 ,. and 

pB *o°tm?d P*N contains the portion of the C04 gene from the initiation codon to the fusion site 
codon J^Jne res ide 366 of the mature CD* polypeptide, immediately followed by me sequence 
att6f tor the dham f6 gion of human immunogtobuHn >1. starting at the codon for serine residue 1 14 of 
C06S ^ human ^nog^u*" (Kabat et at.). 
5 m Ptasmid P* 04 -** contains the portion of the C04 gene from the initiation codon to the fusion site 
me codo* lysine residue 360 of the mature C04 polypeptide, immediately followed by the 
atter c0 co o^r the constant region of human immunoglobulin >1. starting at the codon for serine 
seQ ^ n4 0 ffe human immunoglobulin >i (Kabat et ail 

re8 >P\asmid fay) contains the portion of the CD4 gene from the initiation codon to the fusion site 
40 me cod^iutamine residue 1 80 of the mature CD4 polypeptide, immediately followed by the 

a1te V_ e cofthe constant region of human immunoglobulin >1. starting at the codon for serine 
S8Q due U 4 eft human immunoglobulin ?l (Kabat ef */.). 

f P\asmtd £»>1 contains the portion of the C04 gene from the initiation codon to the fusion site 
^ corieucine residue 1 77 of the mature C04 polypeptide, immediately followed by the 
45 B uence cc the constant region of human immunoglobulin >1. starting at the codon for serine 
5 vdue • Human immunoglobulin y \ (Kabat ef a/.). 

r6S p\asmid >1 contains the portion of the C04 gene from the initiation codon to the fusion site 
me cooartic acid residue 105 of the mature C04 polypeptide, immediately followed by the 
* u ence cthe constant region of human immunoglobulin >1. starting at the codon for serine 
50 ^idue t immunoglobulin y i (Kabat et ai.) 

te ' ptasmid^i contains the portion of The CD4 gene from the initiation codon to the fusion site 
the cocine residue 100 of the mature C04 polypeptide, immediately followed by the 
*auence oe constant region of human immunoglobulin ^1. starting at the codon for serine 
sidue U^uroan immunoglobulin T i (Kabat ef •/.). 
54 re constrvse plasmids required the pnor construction of plasmid pRKCD4TP>l. It was 
consvuctec 

* cON^ for human immunoglobulin y \ was obtained from a human spleen cDNA library 
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.Oontecn Laboratory using o..^^^^^^^^^^ ' 

Aod, R.S.- 10:4071^079 « £^ ^^0^™*^™^ «* 
containing part of the vanebie and a« of the constant n g*™'~™ wa 

rstE2££ ™ ™£?> c " — - » — - 604 

cod.ng regun, Th,s p^id is ^*J^ R ^£ (Jeletkyltl mMtagwia ^ fMrt on, to fuse the 
Synthet* oligonucleotides were > made aai pnme« ^o Thes7w*e synthesized as 48-mers 

and production as described above. 





Expressed 


Secreted 


pRKCD4., 7 1 






pRKC04, 7 i 


♦ 




pRKCD4* 7 i 




♦ 


pRKC042 7 i 




♦ 


pRKCD4 #47 i 


♦ 


♦ 


pRKCD4 47 l 


♦ 





55 



P,asm,os also were constructed to direct me expression of fusion protein, ^containing «ftnng * 
me amino-terminal. eitrace.Mar domain of C04 fused to the tru«ated p^ of the constant reg.on of 
n u man .mmunog.cbu.in ,1. composing on.y the hinge region and constant domain CH, and CH* 

Synthetic oligonucleotides wore made as primers for mutagenes. . reactions to delete! Ke .m 
munogW»u..n sequence from Seriu to Cys2i5 mc.us.ve (Kabat ef a/.) These -^nmes.zed as- » 
ZsirpnsingTSj, nuctootide, on each side of the desired fusion site (i.e.. "^T^JES^ 
.JmL 8 residues of the desired C04 moiety, and the NHj-term.nai 8 residues of the desired .m 
T££££ P«^1. PBKCD4,,, and ^^Zlll^^ZTe 
into E coii strain SB101 and the transformed culture plated on ampic.lhn media plates. Transformer** were 

-n^ iy cojy hybridization ( Grunste.n-Hogness, for me presence of the "™™*™ Z£2 
! 6 mers as probes. These iBmer, comprise 8 bases on either side of the fuiion site, and me h^auon 
cond t-ons chosen were sufficiently smngen, that the probes on.y »™™™%^J^ 
Ston.es identified as positive were seated and placid ONA was ,so.ated ^J^°^'™J^ 
SR101. The transformed cultures were plated on ampici.lin media plates. ^ ^'"'^ ^ 
setected and grown ,n me presence of m,3K07 bacteriophage Temp.ates were prepared as above and 

"TTZSZZ*** P-mid pRKCOa.,, red to as P^^den^om^ 

pRKCoC ,s referred to as pRKCDa,,,, and ma. derived from p.asm.d p*KCD4,,t .s referred to as 
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PRK p^cSw pRKCW,*, endpRKCW^, are cuttured in (he Mm* fashion as described above and 
CHI -deleted C04 immunoadhesons recovered as described elsewhere herem. 

Ught Chain Fusions 

Ptasmids were constructed to direct the expression of proteins containing differing lengths of the amino 
terminal, extracellular domain of CD4 fused to the constant region of human immunoglobulin Tnese 
niaamids are referred to as pRKCD4 4 ». and pRKC04* t . 

*T2I rjSSL coin, me portion of the C04 g** from the in***, codon « Htetaon We 
after tfTcodon for serine residue 386 of the mature C04 polypeptide, immrf.ately fotowed by the 
™JZ> for the constant r^ion of human immunoglobulin .. starting at the codon for threonine rescue 
109 of the mature human immunoglobulin «. (Kabat «t «/.). 

Piasmid pRKCW... contains the portion of the C04 gene from the initiation codon to the fusion site 
after the codon for lysine residue 380 of the mature C04 polypeptide, immediately followed by the 
sequence for the constant region of human immunoglobulin starting at me codon for threonine residue 
109 of the mature human immunoglobulin « (Kabat «f •/.) 

These plasmids were constructed in a manner analogous to piasmid pRKC0*,i described above, with 
the following exception: 

The human immunoglobulin , coding sequence (Fig. 5) was obtained from a human spleen cONA 
library (Oontech Laboratories. Inc.) using oligonucleotides based on the published sequence (Hieter. PA <»r 
ai 22197-207 [i960]) and an EcctfABspMI fragment containing part of the vanaWe region and the 
entire constant region was obtained. This fragment was blunted with Klenow tragment and the four dNTPs. 
This fragment was used instead of fragment al. and was used to construct piasm.d pRKC04TP h,. 

Example 5 



Culture, Purification and formulation of CD4 variants 

Pias n.ds encoding CD4T. prolyl term.nal (C04TP). or CD4T immunoadhesons were calcum pnosphate 
transfe ted into CHO0P7 (a promsuiin-transformed autocrine host cell derived from CHO: U.S.S.N. 97.472) 
and che transformants grown in selective medium (1:1 HAM F12DMEM GHT~ containing 1 - 0% 
diafiltered or dialyzed bovine serum). Other suitable host cells are CHO cells or 293s human embr <ontc 
kidney cells The transformants were subcioned into the same medium but containing 500 nm methotrexate. 
A subclone capable of secreting C04T. C04tp 500 b. was selected. C04tp 500 b is cultured .n a 
OMEM/HAM F12 medium at about 37* C until C04T accumulates in the culture, after which the medium is 
separated from the ceils and insoluble matter by centnfuging. 

Culture fluid from C04TP transformants was concentrated and diafiltered to tower the ionic strength. 
The concentrate was passed through a large volume of O-Sepharose anion exchange resin (previously 
equilibrated with 25 mM NaCl. pH 85) in order to adsorb contaminants from the culture fluid. The 
isoelectric point of CD4TP is about 9.5. thus making .t possible to discriminate between truncated forms of 
C04 and most contaminants by alternate adsorption, respectively, on a canon exchange resm such as 
carboxymethyl or sulfonyl Sepharose. and an anion exchange resin such a quaternary ammc*.um 
Sepharose. In addition, since highly electropositive domains are present in the extracellular segment of CD4 
and CD4-containing variant is purified in the same fashion as C04TP. The unadsorbed culture fluid from the 
anion exchange resm step was then passed through a cation exchange res.n (previously equilibrated with 
25 mM NaCl at pH 8.5) whereby CD4TP was adsorbed to the resin. The C04TP was eluted with a NaCi 
gradient at pH 8.5. th.s CO variant eluting at about 0.2 mM NaCl. Ammonium sulfate was added to the 
eluate to the concentration of 1.7M and the solution passed through a column of hydrophobic interaction 
chromatography res«d (phenyl or butyl Sepharose). The C04TP was eluted from the hydrophobic mteractton 
column with a gradient of ammonium sulfate, the CD4TP emerging at about 0.7M ammonium sulfate. The 
eluate was concentrated and buffer exchanged on a G-25 column using phosphate buffered saline 
containing 02 •'. <wv> Tween 20 or Tween 80. The C04TP was soluble and stable in this solution, which 
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*H-~i *i AIM rnto viaJsas anaqueoui formulation: Other polymeric nonionic surfectana are 
onto an immoom*eo anooooy ;« -Ktiv ttw-ouomv ameliorated at relatively 

^rTo^T^^T^f^ 0, C04 MM with ^ N-vy chain was to 
c^r^bSSTwpSXJby ultrafiltration and therwfter adsorb the fu*on onto 

all tour V regions of C04. 



Example 6 
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human lgG> 

Table 4 





gpl20 KD 
<nMV> 


Fc>R KO 

(nM)' 


Plasma Hart-Ufe " " 
In Rabbits (Hrs.) 


C04T* 
C04 4> 1 
004^1 
human igG 


2.3 t 0.4 
1.2 t 0.1 

1.4 10.1 
NO 


2.83 r 0.25 
3.01 z 0.68 
3.52 z 0.5 


0.25 
6.4 
40.6 
21 days' 



• determined in humans 

• KD was determined by the method of Anderson etaL "J. Immunol. 

SfSn^U^method of Smith ef aL "Science" 238:1704*7 (1987). 
S residues 1 *368 only 

• ♦ The adheson variant was injected intravenously into rabbUs and samples 
of blood were collected periodically and assayed for the presence of the 
adheson variant. , 
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Claims 

so 1 Nucleic acid encoding an amino sequence variant of an adheson 

2 The nucleic acid of claim 1 wherein the adheson is a CD4 polypeptide. ' 

3 The nuc,e.c ac.d of claim 2 wherein the variant is a C04 po.ypepdde ,n wh,ch nbdeic acid encod»* 
the transme^ has been modified whereby the C04 polypeptide encoded thereby contains an 

inactivated transmembrane domain. ►>„ ... deletion 

4. The nucleic acid of ctom 3 wherein the transmembrane domarn has been inactivated by MdMm 
or by substitute for me transmembrane domam an amino acid sequence havng a substant-ally hydroph.uc 
hydropathy profile. 
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5. The nude* aod of cl*«n 2 wherein the variant comprises a fusion of (a) a polypeptide different from 

f^lSiS ESK*-n rhe PCypepude differ, from me C04 tears a --CD. immune 

eP, Trhe nucteic acid of claim 6 wherem the polypeptide different from CD4 is fused to the am.no or 
carboxyl terminus of mature C04 and the transmembrane domain of C04 has been .reactivated. 

8 The nuclei acid of claim 5 wherein the different polypeptide composes a s*nai 

9 The nude* acid of claim 5 wherein the differen polypeptide contains about from 5 to 300 resKlues. 
10. The nucleic acid of claim 9 wherein the different polypeptide is capable of etatrng a humoral 

immune response in an animal- 

1 1 The nucleic acid of claim 10 wherein the different polypeptide is a viral polypeptide or an aitergen. 

12 The nude* acid of claim 1 wherein the different polypeptide is a human plasma prtein having a 
plasma hart life greater than from which the transmembrane domain has been deleted. 

13 The nude.c add of claim 12 wherein the variant is a fusion of a poiypeotode comprising at least one 
,5 V-like domain of CD* fused with a polypeptide comprising an immunoglobulin constant domain. 

14 Z Tnucie-c ac»d of claim 1 wherein the adheson is CD4. COS or the high atfnity «E receptor. 

1u. The nucleic acid of claim 2 wherein the variant consists essentially of the V< through V* or v- 
through V 2 regions of the C04 antigen. _ iAiu ^ 
16 The nucleic acid of claim 2 which consists essentially of the C04 insert of pCD*ANia. 
20 17 The nucleic acid of claim 12 wherein the differen polypeptide is albumin, a apoprotein or transfernn 

18 The nucleic acid of claim 8 wherein the signal sequence is a bacterial signal ^uence. 

19 The nucleic aod of claim 15 wherein the variant consists essentially of CD* residues 1-368. 

20 The nucleic acid of claim 16 wherein the variant consists essentially of CD* residues 1-180. 

21. The nucleic acid of claim 13 wherein the immunoglobulin constant domain is the constant domain of 

25 an igG heavy chain. 

22. The nucleic acid of claim 5 wherem me different polypeptide is a cytotoxic polypeptide. 
23 The nucleic acid of claim 5 wherein the cytotoxic polypeptide is a dipthena toxin A. 

2*. A composition comprising an adheson amino acid sequence vanant which is incapable of cell 

membrane anchorage. ^ M M _ 

jo 25. The composition of claim 2* wherein the adheson variant comprises a CD* amino acid sequence 

capable of binding gp120. 

26 The composition of claim 25 further comprising an agent for inhibiting the aggregation of the vanant 
selected from the group of a predetermined protein and a surfactant. 

27 The composition of claim 26 wherein the agent is a surfactant. 

35 28 The composition of claim 27 wherein the surfactant is Tween 80 or Tween 20. 

29 The composition of cla.m 25 wherein the CD* transmembrane domain has been deleted or has 
been substituted for by an ammo acid sequence having a substantially hydrophilic hydropathy profile. 

30. The composition of claim 29 which is sterile and which further comprises a physiologically 

acceptable earner 

40 31 The composition of claim 25 wherein the variant composes an immunoglobulin ammo ac.d 

sequence. 

32. The composition of claim 31 wherein the immunoglobulin sequence comprises a constant domain 
sequence of an immunoglobulin heavy chain. 

33. The composition of claim 32 wherein the constant domain is linked at its N-termmus to the g- 
45 terminus of a transmembrane-deleted CD* polypeptide. 

3*. The composition of claim 33 wherem the CD* polypeptide contains V- V ; . 
35. The composition oi claim 33 wherem the CD* polypeptide. contains V- V 2 VjV 4 
36 The composition of claim 31 wherem the the variant is m the form of a dimer. 

37. The composition of claim 36 wherem the composition comprises a fusion of a CO* V-like domain to 
so an immunoglobulin heavy chain constant domain. 

38. The composition of claim 2* wherem the variant is selected from the group consisting of 

(a> AC U 

(b) AC-AC. 

(c) ACeHAC*. AC l -ACh. AC l -VhCh. V,Ct-AC*. or V l C c -VhCm]; 

55 (d) AC l -ACh-[ACh. AC l -ACh. AC l -VhCh. V^C-ACm. or V,A-VhCm]: 
(e> ACt-V-Cn-fAC*. ACfAC*. AC L -V*C«. V^Cc-AC*. or V t C t -V M C.J: 
if) V^-ACeHACs. Ad-ACs,. AC^-VhCh. V l C-ACm. or V.C-VhCm] 
Or 
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^F^L**** coining . C04 variab* "»^^ j 

hght or heavy chain variable or constant domains of an immuncgk*ui.n; n .s an .rueger. and Y de»gn«tes 

^"S^position of Cairn 31 wherein me immunoglobulin sequence is obtained from igOt. tfU. 
"Mfc £££ S Sn 25 the variant comprises a PO.ypepr.de different from CO* whch 

l0 „ — 3j;^ u 7 c f ajm 41 ^ me vanant compnsM . polypeptide wh,ch ., immunogenic in 
^Tjhe composition of claim 41 wherein the variant comprises a polypeptide having a human plasm. 
*"u. TZSSXSZXXZ* the variant comprises a human transfemn. apo.ipoprote, or 

^^"^co^potitwn ot claim 25 wherem the variant compnses a cytotoxic polypeptide 

£ The SmSSon of claim 45 wherein the cytotoxic polypeptide i, ricin A chain or ^ther.. tox.n A^ 
47 A^v3de^ompr 1 sing a C04 am.no acid sequence capable of binding gpi20 which .s cross- 
,ink* to r^PtxTS a plasma half ««e of greater man about 20 hour, or ,b, a cyiotox* 

P ° IV S Pt T^ polypeptide of claim 47 wherein the polypeptide of <a> .s transferrin, an apoi.poprotein or 

^^ The polypeptide of claim 47 wherein tho cytotox.c polypeptide is cross-Knked to me C04 variable- 
is like domain by a afunctional cross-linking agent 

50. A method for preparing an adheson variant composing transfectmg a host cell with the nucleic acid 

°' A method lor prepanng an adheson variant compris.ng recovering me variant from me culture of a 
host cell transferred with the nucleic ac.d of claim 1 . 

52. The method of Claim 51 wherein the adheson is C 04 and the vanant .s recovered from me culture 

^sriC^eTod'of claim 52 wherem me want is recovered by adsorpt.cn onto a cation exctiange 
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resm 



54. The method of claim 53 wherein the vanant is recovered by adsorption of contaminants onto an 

35 anion exchange resin. . „ m 

55 The method of claim 52 wherein the variant lacks a functional transmembrane domain. 

56 The method of -ten 52 wherem wherein a salt is added to the culture medium to occupy charged 
domains of the variant the resulting solution is contacted with a hydrophobic affinity ^^^^ 
to adsorb the vanant. and the vanant eiuted from the res.n by wash.ng the res.n w,th a declining gradient of 

40 ^ 57 The method of claim 52 wherein the variant is recovered by immunoaffinity chromatography. 

58. The method of claim 57 wherein the immunoaffinity chromatography is directed against a 
polypeptide different from C04 which is fused to CD4. 

59. A method for the treatment of an HIV infection comprising administering to a patient .nfected with 
45 HIV a therapeutically effective dose of an amino acid sequence variant of C04. 

60. A repiicable vector comprising the nucleic acid of claim 1 

61. A process which comprises the preparation of nucleic ac.d according to any one of claims l to 23 a 
composition according to any one of claims 24 to 46 or a polypeptide according to any one of claims 47 to 
49. 
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